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(1) 利用传统光刻技术，并使用了 SiO2 和 PI 两种不同的牺牲层，在 Si 和 Cu

































































This dissertation aims to take two challenges in the field of molecular electronics 
with emphasize on methodology. The first one is how to connect the target molecules 
with the macro-world on a chip, i.e., to form molecular junctions with the metal 
electrode/target molecules/metal electrode structure reliably. The second one is how to 
correlate the electrical property of the molecular junction directly with its chemical 
structure. So far it has been unclear in the detailed conductive process in molecular 
junctions and its electron transfer mechanism with many controversies. Therefore, it is 
highly desirable to develop new methods allowing us to construct 
metal/molecule/metal junctions properly thus to study its characteristic structure at the 
molecular level.  
Accordingly, we established a new method that combines the advantages of 
mechanically controllable break junction (MCBJ) and surface enhanced Raman 
spectroscopy (SERS). Based on this combined MCBJ-SERS set-up, we constructed 
several molecular junctions successfully, and then characterized them with I/V, G/V 
curves, conductance histograms, and Raman spectroscopy. This unique method allows 
us to investigate the electrical and spectroscopic properties of molecular junctions 
simultaneously. In this work we preceded the research with four levels sequentially 
and made the main achievements as listed as follows: 
1. A pair of facing gold electrode with 2 μm separation was fabricated by 
conventional lithography on both silicon and phosphor bronze chips with SiO2 or 
PI as the sacrificial layer. And we also tried to fabricate the electrode-pair with 
nanoscale separation using electron beam lithography. 
2. We then fabricated electrode-pair with nanoscale or even angstrom gap by 
feed-back electrodeposition. Through the systemic study, we can obtain the 
electrode-pair with extremely smooth and compact electrodeposited layer by 
optimizing the various experimental parameters. The electromigration and AC 
trapping methods have also been tested.  
3. A home-designed and made MCBJ system was constructed to precisely and 
continuously adjust the gap width of the nanogap on the chip. The success rate and 
life time of the bended chip can be improved remarkably through suspending the 















molecular junctions including BDT, Bipy, oligo(phenylene ethynylene) derivates 
and ferrocene derivate, then characterized electrical properties of these molecular 
junctions. 
4. A combined MCBJ-SERS experimental setup was constructed to characterize the 
electrical and vibrational properties the molecular junctions simultaneously. The 
FDTD theoretical calculation was performed to analyze the dependence of the 
SERS intensity of molecular junction on the gap width and incident laser 
polarization. This method could be further developed to study the mechanism of 
single molecule SERS (SM-SERS). 
 
Keywords: Molecular electronics; Mechanically controllable break junction (MCBJ); 
Surface-enhanced Raman spectroscopy (SERS); Molecular junction;   

































































仪器的性能。分辨率分为线宽分辨率 d 和聚焦深度分辨率 D，这两个分辨率参数
可用以下方程表示： 
d = k1λ/NA                                                  式 1-1 
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